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Sustainability and GrowthSustainability and Growth
nn Atlanta, GA  ‘Boom Town’Atlanta, GA  ‘Boom Town’

oo 1990’s 1990’s -- fastest growing human settlement in historyfastest growing human settlement in history

oo land area larger then the state of Delawareland area larger then the state of Delaware

oo nations longest average commute timesnations longest average commute times

oo 69 ‘ozone alert’ days in 199969 ‘ozone alert’ days in 1999

oo stopped highway construction until air quality issue is resolvedstopped highway construction until air quality issue is resolved

nn Defines ‘sprawl’Defines ‘sprawl’
oo the unstoppable spread of developmentthe unstoppable spread of development

nn threatens sensitive wildlife and wetland habitatthreatens sensitive wildlife and wetland habitat
–– half of all Florida wetlands half of all Florida wetlands -- lostlost

–– 90% of California coastal ecosystems 90% of California coastal ecosystems -- lostlost

oo huge Environmental impactshuge Environmental impacts

SustainabilitySustainability

nn It is not only what you build but where you build itIt is not only what you build but where you build it

nn Are their alternatives to Sprawl?Are their alternatives to Sprawl?
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The Built EnvironmentThe Built Environment
nn A significant impact on available natural resourcesA significant impact on available natural resources

nn Globally, the building industry consumesGlobally, the building industry consumes
oo 40% of the raw stone, gravel, and sand40% of the raw stone, gravel, and sand

oo 25% of the virgin timber25% of the virgin timber

nn In the United States, buildings consume In the United States, buildings consume 
oo 31% of the total energy expended each year 31% of the total energy expended each year 

oo 50% of the SO50% of the SO22

oo 25% of the NO25% of the NOxx

oo 35% of the CO35% of the CO2 2 producedproduced

oo $ 210 billion for energy each year$ 210 billion for energy each year

nn $120 billion for residential $120 billion for residential 

nn $90 billion for commercial buildings $90 billion for commercial buildings 

oo 28% publicly held and 78% of the buildings private28% publicly held and 78% of the buildings private

There are more than 76 million 
residential buildings and nearly 
5 million commercial buildings 
in the U.S. today

Another 38 million buildings 
are expected to be constructed 
by 2010 ( d o e )

The challenge will be to build 
them intelligently, so that they 
use a minimum of 
nonrenewable energy, produce a 
minimum of pollution and 
wastes, and cost a minimum of 
energy dollars, while increasing 
the comfort, health, and safety 
of the people who live and work 
in them.
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The Design of More 
Sustainable Buildings
The Design of More 
Sustainable Buildings
nn Goals of Sustainable DesignGoals of Sustainable Design

oo Greening of BuildingsGreening of Buildings

nn Building Energy (fossil & renewable)Building Energy (fossil & renewable)

nn Building IAQBuilding IAQ

nn Building Material SelectionBuilding Material Selection

nn Construction and Building Waste StreamsConstruction and Building Waste Streams

oo Building Operations and MaintenanceBuilding Operations and Maintenance

oo Infrastructure and Built EnvironmentInfrastructure and Built Environment
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Sustainable Design Is More….Sustainable Design Is More….
nn Sustainable CommunitiesSustainable Communities

nn Community Energy ConsumptionCommunity Energy Consumption

nn Energy Supply and ProductionEnergy Supply and Production

nn Pollution PreventionPollution Prevention

nn Water QualityWater Quality

nn Water QuantityWater Quantity

nn Reduced InfrastructureReduced Infrastructure

nn Quality of Life IssuesQuality of Life Issues

nn EncroachmentEncroachment
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Sustainable ArmySustainable Army
nn Why don’t we get sustainable designs/development?Why don’t we get sustainable designs/development?

oo building delivery processbuilding delivery process

oo buybuy--in from the Corpsin from the Corps

oo education education 
nn AE’sAE’s

nn USACEUSACE

nn User CommunityUser Community

nn How do we improve the overall sustainability of the How do we improve the overall sustainability of the 

Army and DOD?  Army and DOD?  
nn regulation regulation 

nn performance based guidelines performance based guidelines 

nn How do we redirect DOD policy to include sustainable How do we redirect DOD policy to include sustainable 

design/development concepts?  design/development concepts?  

nn How do these ideas get implemented?How do these ideas get implemented?
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Green Neighborhood Objectives
toward a sustainable solution
Green Neighborhood Objectives
toward a sustainable solution

nn Improve QualityImprove Quality--ofof--LifeLife
oo Family satisfactionFamily satisfaction

oo Soldier retentionSoldier retention

oo SafetySafety

nn LifeLife--Cycle CostsCycle Costs
oo Energy and water efficiencyEnergy and water efficiency

oo Maintenance & ‘city services’ cost effectivenessMaintenance & ‘city services’ cost effectiveness

oo Resource efficientResource efficient

nn Reduce Negative Environmental ImpactReduce Negative Environmental Impact
oo Integrate development with natural systemsIntegrate development with natural systems

oo Material selectionMaterial selection
nn Embodied energy/recycled contentEmbodied energy/recycled content

nn local materialslocal materials
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Green Development ProcessGreen Development Process
nn Multidisciplinary Design Team ApproachMultidisciplinary Design Team Approach

oo ArchitectsArchitects

oo Landscape ArchitectsLandscape Architects

oo Urban PlannersUrban Planners

oo Mechanical EngineersMechanical Engineers

oo Electrical, Civil and Environmental Engineers Electrical, Civil and Environmental Engineers 

oo ResidentsResidents

nn Focus GroupsFocus Groups

nn SiteSite--Specific DesignSpecific Design
oo Climate specific designClimate specific design

oo ExistingExisting terrainsterrains and site characteristics to remainand site characteristics to remain

oo Regional vernacular architectureRegional vernacular architecture

an integrated design approachan integrated design approachan integrated design approach
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Site-Specific Design
Examples
Site-Specific Design
Examples

nn Location:  Fort Hood, TXLocation:  Fort Hood, TX
oo 150 units/ 4150 units/ 4--5 bedroom (Junior NCO)5 bedroom (Junior NCO)

oo Cooling dominated climateCooling dominated climate

nn DoEDoE/EPA/DoD cool communities initiative/EPA/DoD cool communities initiative

nn Location:  US Military Academy at West PointLocation:  US Military Academy at West Point
oo 77 units/ 3,4 & 5 bedroom (enlisted 77 units/ 3,4 & 5 bedroom (enlisted -- NCO)NCO)

oo Heating dominated climateHeating dominated climate

nn Site SelectionSite Selection
oo InfillInfill areaarea

oo Existing land use practicesExisting land use practices
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Master PlansMaster Plans
nn Resource conscious Resource conscious 

infrastructureinfrastructure
oo Integrate infrastructure with Integrate infrastructure with 

natural habitatnatural habitat

oo Native species inclusionNative species inclusion

nn Transportation designTransportation design
oo Narrower street layout Narrower street layout 

nn slow traffic/reduce auto speedsslow traffic/reduce auto speeds

oo Provide for mass transportationProvide for mass transportation

oo Design around pedestrian Design around pedestrian 
networksnetworks

nn Neo Traditional approachNeo Traditional approach
oo Allows for ecologically sensitive Allows for ecologically sensitive 

land use practicesland use practices

oo Encourages community Encourages community 
interactioninteraction

nn reduce crime potentialreduce crime potential

oo EnhancedEnhanced wayfindingwayfinding
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Ft Hood Neighborhood PlanFt Hood Neighborhood Plan
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US Military 
Academy at  
West Point

US Military 
Academy at  
West Point

Grey Ghost Family Housing Project

nn existing siteexisting site

nn rere--use existing infrastructureuse existing infrastructure

nn create pedestrian pathwayscreate pedestrian pathways

nn community centercommunity center

nn off and onoff and on--street parkingstreet parking

nn buffer viewsbuffer views

nn create neighborhood blockscreate neighborhood blocks
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Cluster and Block Development
sprawl vs cluster development

Cluster and Block Development
sprawl vs cluster development

Collect unusable Collect unusable 
spacespace
oo develop highdevelop high--quality quality 

open spaceopen space

Cluster development Cluster development 
patternspatterns
oo walkable walkable communitiescommunities

oo sense of placesense of place

oo reduced development reduced development 
impactimpact

Neighborhood focusNeighborhood focus
oo neo traditional neo traditional 

approachapproach

Recreational Recreational 
opportunitiesopportunities
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Opportunity CostsOpportunity Costs
nn A 1996 national home buyer's survey revealed that nearly threeA 1996 national home buyer's survey revealed that nearly three--

fourths of all buyers would pay more to live in a community fourths of all buyers would pay more to live in a community 

"where I can walk or bicycle everywhere""where I can walk or bicycle everywhere"

nn A study in northern Virginia showed that fringe residential A study in northern Virginia showed that fringe residential 

development costs more to serve than it generates in tax revenuedevelopment costs more to serve than it generates in tax revenue

oo farms generate $1 in revenue for every $0.21 of services needed farms generate $1 in revenue for every $0.21 of services needed 

oo fringe development costs $1.20 in services for every $1 they genfringe development costs $1.20 in services for every $1 they generate. erate. 

nn the average annual revenue shortfall the average annual revenue shortfall 

–– $2200 per dwelling for a low$2200 per dwelling for a low--density development that of a highdensity development that of a high--density density 
development development 

–– $700 per dwelling a high$700 per dwelling a high--density developmentdensity development

(American Farmland Trust, 1986).
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Block PlansBlock Plans
nn Enhanced Quality of LifeEnhanced Quality of Life

oo increased sense of communityincreased sense of community

oo community / recreational centerscommunity / recreational centers

oo greenwaygreenway accessaccess

oo neighborhood garden plotsneighborhood garden plots

nn The NeighborhoodThe Neighborhood
oo limited arealimited area

oo mixed dwelling unitsmixed dwelling units

oo access to neighborhood centersaccess to neighborhood centers

oo balanced mix of activitiesbalanced mix of activities

nn The StreetThe Street
oo building block of neighborhoodbuilding block of neighborhood

oo promote pedestrian use by designpromote pedestrian use by design

nn The ResidenceThe Residence
oo cluster type design to promote open cluster type design to promote open 

spacespace

oo energy efficiency requirementsenergy efficiency requirements

oo layout maximizes usable spaces layout maximizes usable spaces --
increased efficiencyincreased efficiency
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Housing PrototypesHousing Prototypes
nn Vernacular architectureVernacular architecture

oo site specific designsite specific design

nn Modular construction Modular construction 

techniquestechniques
oo structural insulated panelsstructural insulated panels

oo reduced costsreduced costs

oo increased energy efficiencyincreased energy efficiency

nn MaterialsMaterials
oo low impact (‘embodied low impact (‘embodied 

energy’)energy’)

oo high recycled contenthigh recycled content

oo safe, nonsafe, non--toxictoxic

nn Improved Improved 
envelope/fenestrationenvelope/fenestration
oo design for daylightingdesign for daylighting

oo increased insulationincreased insulation

oo natural ventilation/indoor air natural ventilation/indoor air 
qualityquality

oo highhigh albedoalbedo materialsmaterials

nn LayoutLayout
oo increases efficiencyincreases efficiency

oo promotes privacy aspectspromotes privacy aspects



green neighborhood

ERDC/CERL ERDC/CERL 

Sustainable Materials
attributes
Sustainable Materials
attributes
nn Low Lifecycle ImpactsLow Lifecycle Impacts

nn Low Embodied Energy Low Embodied Energy 

nn High Recyclable and Recycled ContentHigh Recyclable and Recycled Content

nn Low ToxicityLow Toxicity

nn Low Maintenance Requirements/DurabilityLow Maintenance Requirements/Durability

nn Uses Renewable ResourcesUses Renewable Resources

nn Uses Local ResourcesUses Local Resources

nn Is a Reusable ResourceIs a Reusable Resource

nn Uses Sustainable Manufacturing /Harvesting PracticesUses Sustainable Manufacturing /Harvesting Practices

CO2 balanced - no net addition of CO2 from material
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U.S. Energy Flows - 1997U.S. Energy Flows - 1997
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Residential Component LoadsResidential Component Loads
Loads (quads) and Percent of Total Loads

Component Cooling
Roof -0.65 12% 0.16 14%
Walls -1.00 19% 0.11 10%
Foundation -0.76 15% -0.07 -
Infiltration -1.47 28% 0.19 16%
Windows (conduction) -1.34 26% 0.01 1%
Windows (solar gain) 0.43 - 0.37 32%
Internal Gains 0.79 - 0.31 27%
    NET Load -3.99 100% 1.08 100%

Heating

LBL 1997LBL 1997
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Integrated Energy Savings Integrated Energy Savings 
nn Advanced technologiesAdvanced technologies

oo high efficiencyhigh efficiency

oo holistic ventilation systemholistic ventilation system

oo appropriate use of renewable appropriate use of renewable 

sourcessources

oo improved natural circulationimproved natural circulation

nn Efficient appliancesEfficient appliances
oo EPA refrigerator programEPA refrigerator program

oo lightinglighting

nn Storm water engineeringStorm water engineering
oo cisternscisterns

oo overland collection systemoverland collection system

nn Material selectionMaterial selection
oo highhigh albedoalbedo

oo thermal qualitiesthermal qualities

oo low maintenancelow maintenance

nn Construction techniquesConstruction techniques
oo decrease infiltrationdecrease infiltration

The life cycle energy consumption of a typical new house is 2,525 barrels of oil, only 6.3% of 
which is embodied energy, versus 927 barrels for the same house with energy efficient design. 

(Blanchard and Reppe http://www. umich.edu/~nppcpub/research/lcahome)
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Integrated Energy DesignIntegrated Energy Design
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Energy AnalysisEnergy Analysis
nn Baseline energy analysisBaseline energy analysis

oo ConventionalConventional hvachvac systemsystem

oo Standard construction techniquesStandard construction techniques

oo Standard landscaping practicesStandard landscaping practices

nn Integrated energy savingsIntegrated energy savings
oo AdvancedAdvanced hvachvac technologiestechnologies

oo Appropriate technologyAppropriate technology

oo Renewable resourcesRenewable resources

oo Holistic, natural ventilationHolistic, natural ventilation

oo Vegetative cooling techniquesVegetative cooling techniques

nn FindingsFindings
oo Over  70% reduction in energy Over  70% reduction in energy 

consumption for the Integrated approachconsumption for the Integrated approach
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Cost Analysis
major components
Cost Analysis
major components

nn Design FeesDesign Fees

nn Site UtilitiesSite Utilities

nn Recreational AreasRecreational Areas

nn LandscapingLandscaping

nn Site DevelopmentSite Development

nn Housing Unit CostsHousing Unit Costs
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Design FeesDesign Fees
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Site UtilitiesSite Utilities
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Recreational Areas and Recreational Areas and 
LandscapingLandscaping
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Landscape 
Design

Landscape 
Design

nn Native, sustainable Native, sustainable 

landscapinglandscaping
oo low water, high drought low water, high drought 

tolerance, low maintenancetolerance, low maintenance

oo preserve the natural gradespreserve the natural grades

oo low maintenancelow maintenance

nn Storm water collection Storm water collection 

systemsystem

nn Vegetative shading devicesVegetative shading devices

nn Reforestation of open Reforestation of open 
spacespace
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Total CostsTotal Costs
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Housing UnitsHousing Units
nn Cost IncreasesCost Increases

oo stressed skin panelsstressed skin panels

oo windowswindows

oo roofing materialroofing material

oo exterior finishexterior finish

oo plumbing fixturesplumbing fixtures

oo kitchen areakitchen area

oo efficientefficient hvachvac systemsystem

nn Cost SavingsCost Savings
oo carpentry laborcarpentry labor

oo interior partitionsinterior partitions

oo additional insulationadditional insulation

oo exteriorexterior flatworkflatwork -
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Cost vs. Standard PracticeCost vs. Standard Practice
nn Design Design -- increased cost at increased cost at 

conceptual phasesconceptual phases

nn Construction Construction 
oo infrastructure: 20% reductioninfrastructure: 20% reduction

oo buildings:  10% increasebuildings:  10% increase

oo infrastructure savings have financed infrastructure savings have financed 
better buildingsbetter buildings

nn Operation (Energy) Operation (Energy) -- reducedreduced

nn Maintenance Maintenance -- reducedreduced

Green Neighborhood Cost Analysis
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ConclusionsConclusions
n A concern for the environment has spawned research that is beginning to outline 

the benefits of conserving and restoring our natural landscape. Sustainability 

challenges the guidelines and processes of existing housing development.  The 

existing substandard housing cycle is developed from guidelines that sacrifice 

the long range benefits of effective planning, design and construction for the 

short range benefits of front-end cost saving measures.  

n The hypothesis that the front-end costs of the existing housing development 

paradigm is significantly lower than neo-traditional, ecologically sensitive 

planning is refuted through this cost comparison analysis.  Although front-end 

design and planning costs raise the project cost slightly higher than the 

prevailing 'sprawl' cost, the long range energy saving benefits are projected to 

save significantly in the future.  

n This cost analysis outlines the importance of design as a tool for providing high 

quality, well constructed housing developments at reasonable costs.  
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